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Deuteron Wave Function
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NN Potential & Deufer'on Wave Func'rlon
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e Deuteron as THE NN bound state [ , : 1

NRIA:
Schradinger equation under NN potential

e Tensor Force — D-wave — GQ
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Polarized Wave Functions

 Wave functions M=0, =1 states:
coupling of spherical and spin harmonics
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Elastic Electron-Deuteron Scattering
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Deuteron Density Functlons
p (r)

Calculate density
functions:
P (F)="P™(T) ™ (F)
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Electromagnetic Structure

Unpolarized Scattering Cross Section
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Rosenbluth beparatmn: Vary Epeam and 6, at fixed ()2
can separate A and B, and from B get GGy

can not separate G and G

We need another observable!
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Polarization Observables

Polarized Scattering Cross Section

d{T
d(?
Y 't;ffgj.o[l +I'] — T contains tensor terms 15,

h=beam helicity, A contains vector terms 17,

And we can write Ty, — T3,(Gco,Go,Gar)

What do these look like??




Tensor-Polarized Elastic Scattering’

B [ensor asymmetry and tensor analyzing powers
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Vector-Polarized Elastic Scattering’

B Beam-vector asymmetry and vector analyzing powers
: 1
AV, =3 (— cosB; T4 — sin B4 cos ¢y Tfl)

V2

Tio(@P.0e) = -

2 | . 9.3) On o Bo s
T 1+7 1-|—1rsm2— SeC — tan — (i
v@SnJV{ J}( i > fan =G

2 fe 1
vnll4+n)tan — Gy | G 4+ =nGao

TH(Q% ) =

Te,, significant, Te,, not ... because G,,2 << G2



Beam-Tlarget Vector Asymmetry

AV L& = /3 [ Smcost*TE(Q?,0.) — sinbd*cosd*Ti1(Q2,0.)]

1
““ed theory ' V2

target polarization angles w.r.t. gare #° and ¢~

Scattering & Reaction Planes _

1

- pwT



Parallel & Perpendicular Kinematics

Parallel Kinematics: Perpendicular Kinematics:
Electron Right Electron Left
q Left& ~ || Or g Right & ~ L 67

—ploy



@ Extracting /7, and /7,

@ Exploit the symmetrical geometry of BLAST!
» Measure Ay, | and A}, simultaneously
* Extract the vector analyzing powers 77, and 77,
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Theory <= Experiment
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General Event Selection

Azimuthal Angle ¢ [deg]

Angular Acceptance

30

L - [
(=] [=] [=] [=]

o)
=]

-30

Accapianca
Entries INE1E
Maan x 50.08
Maan y -0.1473
RME x 15.68
RMS y §.598

I12ﬂﬂ

1000

800

600

400

200

o

10 20 30 40 50 60
Polar Angle & [deg]

80 920

0

100

—pl4



Selection of Elastic Deuterons
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PID: Proton vs. Deuteron

e TOF, Geometric Trajectory — B = v/c, momentum, § > M
* o, = 100 MeV
» Cut between proton and deuteron:

1.5GeV: 4-5 c,, separation
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e-d Elastic Event Selection

< Timing: < Kinematics:
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Good Elastic Candidate

» General data quality cuts satisfied
» Elastic kinematics and timing cuts satisfied

—p21



Selection of Elastic Deuterons

» Two-body final state is coplanar with beam axis
» Cut on coplanarity!

Coplanarity
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Vector Analyzing Powers
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Elastic Electron Deuteron Scattering

* e-d elastic scattering: G G, G,

* Rosenbluth Separation
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Non-relativistic calculations without MEC, RC
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Non-relativistic calculations without MEC, RC
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Non-relativistic calculations with MEC, RC
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Non-relativistic calculations with MEC, RC
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Definition of T,

We can rewrite T, in the following manner:

(4Y 4+ 2¥2 4 X3/2)

Tog = ——=
P T TR L2y 12X
o |"“r"_._
where v =29
3Iir4_~
o Cu : .
and X =X I,—‘“ ... some complicated function

We now get Ty = — ‘r‘l}_;;ﬁ* by subtracting X dependence

Finally define Tux = -~—-2_ which > 1as Q2> 0if Qs in
V% nits of M2 ... Garco’n and van
Orden
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T,, and Form Factors

* Observe 2 Asymmetries simultaneously
In parallel and perpendicular kinematics
e Use world data to subtract T,, contributions:

a few % of total Asymmetries.
3cos? 05 — 1 /3.

~NA~ — A

*
A" =

Az

* Solve for T,q and T,, from A, and A,

« Or use world data to subtract T,, contributions
 Use world data of A(Q), and BLAST Asymmetries, use world data
for G, contributions, least square fit for G.(Q) and G4(Q),

X° = (A—A(Q))?/5A% + (Asym — Asym(Q))? /5 Asym?

 Use BLAST data and world data of cross sections and polarized
observables, refit Abbott's Parameterizations
Parameterization | finished
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Results: Form Factors from A, B, T,
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e Extracting the Form Factors ... including G,,

e We have 75, 151, and 77, from BLAST.
e Use only A(Q?) from world data

Tf = 4/ 3355r (L +7]"?Gu(Ge + §Gq)tanss

Top = —ﬁ%?’(%[}'c@@ + %Gé o %[1 o e Illmﬂ-gliﬁ'efﬁllllﬂ?ﬁ;)
oy o

To1 = — EB%T{T -|—T:"5:1?12[E?Ef2j) GMGQSEE%’-

A(Q?) = GL(QY) +372GL(QY) + 37G,(Q?)

e 4equations - 3 parameters — 1 D.O.F.
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Saclay & Mainz Discrepo!
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[ e _ . ArenhBvel: nonrelativistic

= ... Arenhdvel: + relativistic 1-body current
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Preliminary Results Summary

Q? = 0.154 [GeV/c]? Q? = 0.248 [GeV/c]?
Tt = 0.0599 +0.0029 Tf, = 0.1035 + 0.0066
Gy = 0.3615+0.0172 (Saclay A(Q?)) Gy = 0.2119 +£0.0120
G = 0.3787 4 0.0180 (Mainz A(Q?))

First measurement of 77, and 77,

Unique measurement of Gy from spin

observables

Motivation for new A(()?) data at low Q?
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G with Saclay A(Q?)

d(e,e’d) Electric Quadrupole Form Factor G
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G ¢ with Saclay A(Q?)

d(e,e’d) Electric Monopole Form Factor G.
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Conclusions

First measurement of T¢€;

World class measurement of T,
Sensitive to the D-state of the deuteron
Sensitive to MEC, IC, RC

Extraction of G , G, , Gy
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